TR M i kS 4 B E R XY B

: %/ SCHOOL OF PHYSICS AND ASTRONOMY, BEIJING NORMAL UNIVERSITY

Constraints on Ultralight Scalar and Dark Photon

Dark Matter from PPTA-DR3 and EPTA-DR2

[arXiv: 2605.02172, PRD]

Speaker: Xiao-Song Hu(t8/J\2)
2nd-year PhD student

Advisors: Xingjiang Zhu (5%k34;I), Kuo Liu (XlU§#), Siyuan Chen (Bx{®i5)
Beijing Normal University
Shanghai Astronomical Observatory

I
FAST/Future Pulsar Symposium 15 @Guiyang 2026



ACDM Success on large scales

CMB Anisotropy: The Seeds Large-Scale Structure: The Growth Supernovae: The Acceleration
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ACDM successfully describes the Universe on large scales.
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Small-scale challenge to ACDM

Observations in astronomy challenge small-scale predictions of dark matter

cusp-core problem
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Most massive satellites
predicted denser than observed

More cusp density profiles
predicted than observed

More galactic satellites
predicted than observed

Solution of small-scale problem: ULDM
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Ultralight dark matter
Ultralight (fuzzy) dark matter

Eg: axion, axion-like particles, dilaton, and dark photon...
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DE Ultra-light DM “Light” DM WIMP g(ﬁllnp()Slte Primordial BHs
Not DM 7 Limit

thermal relic E. G. M. Ferreira (2021)

Form Bose-Einstein condensation and serve as cold dark matter

mass ~ 1022 eV, oscillation period ~ 1yr, long de Broglie wavelength ~ 0.5 kpc
(wave-like behavior)
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Pulsar timing arrays

Galactic timing interferometer to detect ~ nHz gravitational waves

Millisecond pulsar:
Stable clocks in the Universe
hundreds of times per second
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HUNTING GRAVITATIONAL WAVES USING PULSARS

2 Telescopes on
Earth measure tiny
differences in the
arrival times of the
radio bursts caused
by the jostling.

1 Gravitational:waves from supermassive
black-hole mergers.in-distant galaxies-subtly
shift the position of-Earth:

NEW MILLISECOND PULSARS

An all-sky:map'as seen by the Fermi
Gamma-ray Space Telescope in its first year

Fermi-LAT

3 Measuring the
effect on an array of
pulsars enhances the
chance of detecting the
gravitational waves.




Pulsar timing arrays
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ULDM : Model as a deterministic signal




How to detect ULDM?

ULDM Oscillations: Oscillation induce fluctuations in the spacetime metric.

The oscillating ULDM field perturbs the gravitational potential, leading to
observable variations in the TOAs.

At = il l(fb\zsin(th + a,) — Sppudisin(2mt + a )]
2m e e PpMm P P

ULDM Interaction: Interaction with Standard Model particles.

%ﬁ% ULDM direct interaction with Earth and Pulsars, produce additional
AN I modifications in the TOAs through a distinct mechanism
L [
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This two principal mechanisms generate measurable changes in TOAs.
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Motivations

Y SICAL REVIE b 98 102002 1) First: The Pattern of Interference is determined by the ULDM
Coherence Length.

Parkes Pulsar Timing Array constraints on ultralight
scalar-field dark matter

Nataliya K. Porayko,” Xingjiang Zhu,z's‘“ Yuri Levin,“"2 Lam Hui,5 George Hobl:ns,7 Aleksandra Grudskatya,8
Konstantin Postnov,g‘9 Matthew Ba.iles,w‘4 N.D. Ramesh Bhat,11 William Coles,12 Shi Da.i,7 James Dempsey,13 l _— O 4_k C _—
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(PPTA Collaboration)

For simplicity, we consider two cases: ¢, and ¢,

There are a couple of ways to improve our analysis. First,
the coherence between pulsar terms and Earth terms can be

Uncorrelated: Coherence Length small than Pulsar-Earth Separation

used to enhance the sensitivity. When a pulsar and the Earth .
Correlated: Coherence Length large than Pulsar-Earth Separation

are located within a de Broglie wavelength A4z, the

pendent in the current analysis, are correlated. However, for
m > 10722 eV, this effect will have no impact on the
current results, since Agg = 60 pc(107>? eV/m) and no

Isars have been found within 60 pc to the Earth. Anoth . H H
terosting potnt is that pulsars that aro olowe € ech ofher Second: The dark matter density in the Earth term and the
within Agp also experience phase-coherent oscillations [36]. Pulsar term is different_

A DIAI) O XDIO 1 d C [l _d W OT'K
Second, the oscillation amplitude ¥, is proportional to

the local dark matter density. Thus, in contrast to the

amplitude of the Earth term, the amplitude of the pulsar p ( x )

term varies from pulsar to pulsar; see Eq. (7). In A-FDM 6 _ p

cosmological simulations [29,36], it was shown that due p DM —

to wave interference the dark matter forms gritty pattern p (x e)

with typical granule size of around Agp

over > Aqp scales, the periphery (> 1 kpc) density profile

is similar to the classical Navarro-Frenk-White (NFW)

profile, whereas a distinct density peak is seen in the We define a dark matter density ratio between pulsars and Earth to set a

Szrtlat;lasl)regions (usually called solitonic core, see [29] for common am pll tude.
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Upper limits on scalar ULDM (PPTA-DR3 and EPTA-DR2):
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Purple dot line: the local dark matter density 0.4 GeV/cm3
Vertical dashed lines mark the approximate observational timespan.
Black is one year reference peak.
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Upper limits on DPDM (PPTA-DR3 and EPTA-DR2):

log,, f [Hz]
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The black dotted line and gray shaded region indicate the parameter space where gravitational effects
dominate over fifth-force couplings, based on the simplified assumption that vector ULDM produces
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gravitational oscillations three times stronger than scalar ULDM.
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1. We search for ULDM using PTAs, the gravitational signal of scalar ULDM and the fifth-force
signal from DPDM.

2. We compute the dark matter density ratio between Earth and the pulsar, which in turn sets a
common amplitude for the signal.

3. For scalar ULDM, our analysis does not exclude the scenario in which ULDM constitutes all of
dark matter.

4. For the DPDM, the results are compared to previous results.

Thanks!
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